asation, navigation through tissue interstitium, to transproducts of distinct and homologous genes and were epithelial exit to airway lumen. Even more importantly, initially identified by their ability to bind the ␤2 integrin these models also make it possible for us to study a physiological endpoint that is essential in disease: bronchial hyperresponsiveness (BHR).
Introduction al., 1988). The recruitment of these cells to the site of inflammation is controlled by adhesive interactions to Leukocyte migration from the blood into surrounding endothelial, epithelial, and other tissue resident cells. tissue is critically regulated by the interplay of several
In mouse models of allergic airway inflammation, the families of adhesion receptors (Butcher, 1991 ; Lasky, recruitment of leukocyte subsets to the lung can be 1992; Springer, 1994). Essential to this adhesion casmonitored at different anatomical sites: interstitial (pericade is the interaction between immunoglobulin (Ig) cell vascular and/or airway wall) and airway lumen. These adhesion receptors expressed on endothelium and inteanatomical locations correspond to different degrees of grins on leukocytes. The Ig superfamily members interleukocyte migration, from essential blood vessel extravcellular adhesion molecules (ICAM)-1 and ICAM-2 are asation, navigation through tissue interstitium, to transproducts of distinct and homologous genes and were epithelial exit to airway lumen. Even more importantly, initially identified by their ability to bind the ␤2 integrin these models also make it possible for us to study a physiological endpoint that is essential in disease: bronchial hyperresponsiveness (BHR). Ϫ/Ϫ mice (KO; bottom) were stained with polyclonal ␣-ICAM-2 serum using an avidin-biotin peroxidase system in conjugation with a hematoxylin counterstain. ICAM-2 expression is visible as brown staining on vascular endothelium and alveolar capillaries (magnifications, ϫ100 and ϫ400).
(D) Flow cytometry analysis of ICAM-2 expression on lymphocytes. Thymocytes (top) and lymph node cells (bottom) from wild-type (WT) and ICAM-2
Ϫ/Ϫ mice (ICAM-2 KO) were stained with ␣-ICAM-2 MAb (gray histogram) or an isotype-matched negative control MAb (white histogram) and subjected to flow cytometry. been investigated previously. Here, we report the generSouthern blot analysis, and microinjected into C57BL/6 blastocysts. One chimeric male transmitted the mutant ation of mice that are deficient for ICAM-2 by homologous recombination in embryonic stem (ES) cells. We allele to his offspring. Southern blot analysis of tail biopsies revealed the presence of homozygous mutant have used these mutant mice to study the specific role of ICAM-2 during an inflammatory response in a mouse mice (ICAM-2 Ϫ/Ϫ ; Figure 1B ) at the expected ratios. ICAM-2 Ϫ/Ϫ mice appeared normal in size, general health, model of allergic lung inflammation. We have also investigated the essential roles of ICAM-2 in vivo in the fertility, and longevity. cells from a variety of organs of the mutant mice conthe ICAM-2 deficiency (Table 1 ; data not shown). In addition, bleeding times in wild-type and knockout mice firmed the absence of ICAM-2 expression, whereas wildtype littermates showed low but clear expression in were not significantly different, as shown in Table 1 . these leukocyte types ( Figure 1D ; data not shown). In ICAM-2 Ϫ/Ϫ leukocytes, ICAM-1 expression was not inSeverely Compromised Eosinophil Accumulation in Lung Allergic Inflammation in ICAM-2 Ϫ/Ϫ Mice creased compared to wild-type hematopoietic cells (data not shown).
To address the role of ICAM-2 in the migration of different types of leukocytes to sites of an inflammatory response, we used a mouse model of ovalbumin (OVA)-Effects of ICAM-2 Mutation on Hematopoietic Cell Development induced lung allergic inflammation in which preimmunized mice (day 1) were challenged by repeated In ICAM-2 Ϫ/Ϫ mice, no significant differences were detected in the total leukocyte and red blood cell counts aerosolized exposure to OVA (day 8 and days 15-21, daily). This model is characterized by macrophage, lymor leukocyte subset numbers (data not shown) compared to wild-type mice.
phocyte, and eosinophil accumulation in both the lung interstitium and the airway lumen, in conjunction with No significant differences between ICAM-2 Ϫ/Ϫ and wild-type mice were detectable in the endogenous NK development of BHR (Gonzalo et al., 1996a (Gonzalo et al., , 1998 Numbers of megakaryocyte progenitors at two differEosinophil numbers in either bone marrow or peripheral blood after OVA treatment were not significantly different stages of differentiation were determined using the colony forming unit-megakaryocyte (CFU-MK) and the ent in ICAM-2 Ϫ/Ϫ and wild-type mice, ruling out the possibility that ICAM-2 deficiency affects eosinophil develsingle cell megakaryocyte growth assay (Banu et al., 1995) . In the bone marrow of ICAM-2 Ϫ/Ϫ mice, numbers opment. ICAM-2 does not seem to be essential for lymphocyte, of mIL-3-dependent CFU-MK were clearly reduced, while mTPO-dependent CFU-MK were affected to a monocyte, or macrophage accumulation in the airway lumen, since in ICAM-2 Ϫ/Ϫ mice the lymphocyte, monolesser extent by the lack of ICAM-2 expression ( To determine whether ICAM-2 expression on T lymphils transmigrated through ICAM-2 Ϫ/Ϫ endothelium than through normal endothelial cells (37% reduction; phocytes and/or other leukocyte subsets, which might regulate eosinophilia, is sufficient to restore eosinophil Figure 2C ). Endothelial stimulation with TNF␣ induced upregulation of ICAM-1 and VCAM-1 on wild-type and accumulation in the lung of ICAM-2 Ϫ/Ϫ mice during an allergic inflammation, we replaced the entire hematopoi-ICAM-2 Ϫ/Ϫ endothelial cells (data not shown) and led to a slight increase in transmigration through both types of etic system of ICAM-2 Ϫ/Ϫ mice with wild-type cells using bone marrow transplantation. On day 21, 3 hr after OVA endothelium (41% and 25% increase in transmigration through wild-type and ICAM-2 Ϫ/Ϫ endothelial cells, retreatment, eosinophil numbers in the BAL of ICAM-2 Ϫ/Ϫ mice transplanted with wild-type bone marrow were still spectively; Figure 2C ). 76% lower as compared to reconstituted wild-type control mice ( Figure 2B Embryo manipulations and backcrosses of chimeras to C57BL/6 blood after OVA treatment, equivalent numbers of leukocytes were pelleted onto glass slides by cytocentrifugation and stained using mice were performed as described (Bradley, 1987; Li et al., 1992 ing their number in eight high-power fields (ϫ400 magnification; Blood leukocytes were obtained by cardiac puncture, and complete total area 0.5 mm 2 ) per area randomly selected and dividing this blood cell counts were determined using an H*1E Automated Ananumber by the total number of cells per high-power field. To obtain lyzer (Technicon, Bayer Corp.). Single cell suspensions from inguithe absolute number of each leukocyte subtype in the lavage, these nal, axillary, and cervical LN (peripheral LN), mesenteric LN, bone percentages were multiplied by the total number of cells recovered marrow, spleen, and thymus were prepared, erythrocytes were from the BAL fluid. lysed, and cell numbers were determined using a hemocytometer.
Lung sections from the different experimental groups of mice were For three-color flow cytometry, cells were first preblocked with prepared as described (Gonzalo et al., 1996b) . Sizes of pulmonary purified ␣-mouse Fc receptor antibody (␣-CD16/32; 2.4G2) from infiltrates were assessed and scored using a semiquantitative sysPharMingen ( and Transmigration Assays CFU-MK and single cell megakaryocyte growth assays were perEndothelial cell lines were isolated from ICAM-2 Ϫ/Ϫ mice as preformed as previously described (Banu et al., 1995) . In each experiviously described for the wild-type line bEND5 (Rö hnelt et al., 1997). ment, bone marrow from two mice was pooled.
For activation studies, endothelioma cell lines were stimulated with 5 nM recombinant murine TNF␣ (Bioconcept, Umkirch, Germany) as indicated.
Platelet Assays
Transmigration assays were performed as previously described Platelet numbers were determined using a hemocytometer. Throm-(Rö hnelt et al., 1997) using 6.5 mm Transwells (Costar, Bodenheim, bocytopenia was induced by injection of 5-fluorouracil (FU; Sigma, Germany) with 5 m pore size. Inserts were coated with laminin St. Louis, MO; 150 mg/kg i.v.) and platelet recovery was assessed (Boehringer Mannheim, Mannheim, Germany; 50 g/ml). 3 ϫ 10 5 by platelet counts on days 3, 7, and 14. endothelioma cells were seeded on top of each porous filter and For measurement of bleeding times in unanesthesized mice, 2 cultured for 2 days. On day 3, eosinophils were added on top of mm of the tail tip were cut off and the tail was placed in isotonic each filter and the assays were run for 2 hr at 37ЊC and 10% CO 2 . saline at 37ЊC immediately after injury. Bleeding times were meaThe 2 hr time point was chosen as it was the earliest time point that sured from the moment the tail was cut until bleeding stopped allowed us to harvest enough transmigrated eosinophils to perform completely. 
